Introduction {#sec0001}
============

Among all cancers, lung cancer is one of most malignant cancers, with its incidence ranking second and its mortality rate ranking first.[@bib0001] Lung cancer has 2 main types, small-cell lung cancer (SCLC) and non-small-cell lung cancer (NSCLC),[@bib0002] the latter accounting for 85% of lung cancer.[@bib0003] Both of them have a low 5-year survival rate. In the United States, the 5-year survival rate of lung cancer is only 17.4%,[@bib0004] and this value is even lower in developing countries. Therefore, lung cancer is one of the most serious diseases threatening human health.[@bib0001]

MiRNAs are small RNA molecules containing 19-22 nucleotides found in plants, animals and some viruses.[@bib0005] They are paramount in maintaining the function of normal cells. They also have special traits such as tissue specificity, high conservation and changes with time.[@bib0006] The atypical expression of miRNAs may induce many diseases, including tumorigenesis, such as lung cancer, liver cancer, and breast cancer.[@bib0007] ^,^ [@bib0008] Therefore, the regulation of miRNAs in malignant tumors provides a new direction for the prevention and treatment of tumors.[@bib0009] ^,^ [@bib0010] Studies have revealed that miRNAs play a preponderant role in tumor development, metastasis, invasion and treatment.[@bib0011] The aberrant expression of some miRNAs may be harnessed as early diagnostic markers in patients who have cancer.[@bib0012]

The miR-17-92 gene cluster[@bib0013] ^,^ [@bib0014] is a highly conserved gene cluster containing 6 members: miR-17, miR-18a, miR-19a, miR-19b-1, miR-20a and miR-92a-1.[@bib0015] This gene cluster is the first discovered cluster of miRNA oncogenes.[@bib0016] ^,^ [@bib0017] In this study, sequences with higher expression levels in the -3p and -5p sequences of each miRNA in the miR-17-92 gene cluster were selected ([Table 1](#tbl0001){ref-type="table"} ). Among them, miR-19a-3p has exactly the same sequence as miR-19b-1-3p.[@bib0018] The miRNAs below, if not indicated by -3p/-5p, are default to the miRNAs shown in [Table 1](#tbl0001){ref-type="table"}.TABLE 1Sequences with higher expressions of the miR-17-92 gene cluster.TABLE 1Name of miRNASequence*hsa*-miR-17-5pCAA AGU GCU UAC AGU GCA GGU AG*hsa*-miR-18a-5pUAA GGU GCA UCU AGU GCA GAU AG*hsa*-miR-19a-3pUGU GCA AAU CUA UGC AAA ACU GA*hsa*-miR-19b-1-3pUGU GCA AAU CCA UGC AAA ACU GA*hsa*-miR-20a-5pUAA AGU GCU UAU AGU GCA GGU AG*hsa*-miR-92a-1-3pUAU UGC ACU UGU CCC GGC CUG U

Studies have revealed that the miR-17-92 gene cluster plays an important role in the occurrence and development of a variety of tumors.[@bib0019] ^,^ [@bib0020] For this reason, it has received extensive attention from researchers around the world. Liu et al found that miR-17-92 regulates the NF-kappa B signaling pathway by targeting TNF receptor-associated factor 3 (TRAF3) to promote gastric cancer.[@bib0021] Jia et al found that miR-17-92 causes leukemia by targeting A20.[@bib0022] Zhou et al found that miR-17-92 promotes the development of prostate cancer and enables cancer cells to acquire the ability to resist chemotherapeutic drugs such as cisplatin.[@bib0023]

In a previous study, we discovered that miR-18a-5p in the miR-17-92 gene cluster directly targets interferon regulatory factor 2 (IRF2), prominently lowering the expression of its protein.[@bib0024] Since IRF2 has the ability to inhibit lung cancer cell growth, miR-18a-5p promotes the proliferation and migration of NSCLC by targeting IRF2. Our lab also investigated whether the miR-17-92 cluster promoted NSCLC by targeting the suppressor gene sprouty homolog 4 (SPRY4).

By querying the National Center for Biotechnology Information (NCBI) database, the roles of the miR-17-92 gene cluster in lung cancer were elucidated to a certain extent. Based on our previous research, this study explored the expression of the miR-17-92 cluster in the sera of NSCLC patients to screen for possible miRNAs that can be used as diagnostic markers for NSCLC in the clinic.[@bib0025] The diagnostic effects of the existing clinical markers of NSCLC were then compared with those of the miRNAs.[@bib0026] Our findings may provide new ideas for improving the clinical screening and diagnosis of NSCLC and thus promoting the precise treatment of lung cancer.[@bib0027]

Materials and Methods {#sec0002}
=====================

Study Design and Serum Samples {#sec0003}
------------------------------

Our procedures were approved by the Ethics Review Board of Shanghai Chest Hospital Affiliated to Shanghai Jiao Tong University, and written informed consent was obtained.

Sera were collected from 97 subjects, including 74 NSCLC patients (from stage I to IV) and 23 normal subjects from the Shanghai Chest Hospital.

In this study, various procedures were performed ([Figure 1](#fig0001){ref-type="fig"} ). Serum RNA was extracted by the TRIzol-glycogen method, and then cDNA libraries were constructed by reverse transcription (SYBR Prime Script miRNA RT-PCR Kit, TaKaRa Bio, Shibuya, Japan). Then, quantitative real-time polymerase chain reaction (qRT-PCR) (ChamQ SYBR qPCR Master Mix, Vazyme, Nanjing, China) was utilized to detect miRNA expression.FIGURE 1Flow chart of the experimental design. Abbreviations: NSCLC, non-small-cell lung cancer; NC, normal control; BEAS-2B, human bronchial epithelial cells.FIGURE 1

The receiver operating characteristic (ROC) curves of the 6 miRNAs were plotted. By observing the area under the curve (AUC), the diagnostic effect of the miRNAs could be judged. The value corresponding to the maximum of the Youden index, that is, sensitivity + specificity − 1, was taken as the best cut-off point.

Serum RNA Extraction {#sec0004}
--------------------

The total RNA of the serum samples were extracted using TRIzol (TranS, Beijing, China). Then, 30-50 μL of RNase-free ddH~2~O was added to fully dissolve the RNA. The RNA solutions were stored at -70 °C for subsequent experiments. The concentration of total RNA was measured by a NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, Waltham, MA). Serum samples whose concentration of total RNA was less than 20 ng/μL were excluded from this study.

Reverse Transcription and qRT-PCR {#sec0005}
---------------------------------

The reverse transcription solution was prepared according to the manufacturer\'s protocol (SYBR Prime Script miRNA RT-PCR Kit, TaKaRa Bio, Shibuya, Japan). The mixture was incubated at 37 °C for 60 minutes and then at 85 °C for 5 seconds to inactivate the enzyme. RNase-free ddH~2~O was added to the obtained reverse transcription reaction solution to reach 100 μL.[@bib0028] The diluent was added to the qRT-PCR system for quantitative detection.[@bib0029] ^,^ [@bib0030] qRT-PCR solutions were prepared according to the manufacturer\'s protocol (ChamQ SYBR qPCR Master Mix, Vazyme, Nanjing, China). The qRT-PCR protocol was conducted on a CFX96 Touch Real-Time PCR Detection System (BIO-RAD, Hercules, CA) in 96-well plates at 95 °C for 3 minutes, followed by 42 cycles of 95 °C for 10 seconds and 55 °C for 30 seconds. A melt-curve was plotted to evaluate the specificity of the PCR product.[@bib0031] Cycle threshold (Ct) values less than 40 were used in this study.

The data are analyzed and compared by the 2^−ΔΔCt^ quantitative method relative to the reference RNU6B (U6), ΔCt = Ct~miRNA~ − Ct~U6~.[@bib0032] ^,^ [@bib0033]

ROC Curve, AUC, and Youden Index {#sec0006}
--------------------------------

The ROC curve refers to the connection of points drawn under a specific cut-off point, with the false positive rate (1 − specificity) obtained by the subjects under different cut-off points as the abscissa and the true positive rate (sensitivity) as the ordinate.

In this study, we selected different ΔCt values of each miRNA as cut-off points, according to the qRT-PCR results. In stages I-III, several miRNAs are downregulated. In that case, ΔCt values greater than the cut-off point are regarded as positive, while ΔCt values less than the cut-off point are regarded as negative. In stage IV, all miRNAs are upregulated. Then ΔCt values greater than the cut-off point are regarded as negative, while ΔCt values less than the cut-off point are regarded as positive.

In the control group, the true negative rate (specificity) can be calculated as the "\# of controls whose test result is negative / \# of controls in total", while the false positive rate can be calculated as 1 − specificity. In the patient group, the true positive rate (sensitivity) can be calculated as the "\# of patients whose test result is positive / \# of patients in total," while the false negative rate can be calculated as 1 − sensitivity.

By connecting the points drawn under different cut-off points, the AUC can be determined. AUC is the area enclosed by the coordinate axis under the ROC curve. The closer the AUC is to 1, the better the discrimination effect of the detection method. Typically, an AUC greater than 0.8 indicates that the detection method has relatively good effects.

The best cut-off point is identified by the Youden index, which is sensitivity + specificity − 1. The Youden index represents the total ability of the screening method to find true patients and nonpatients. In this study, the cut-off point that has the maximum value of the Youden index was chosen as the best cut-off point.

Statistical Analysis {#sec0007}
--------------------

Unpaired *t* test was used to compare 2 groups of continuous variables. The diagnostic effect of the miRNAs was evaluated by ROC curves. Then, the AUCs were calculated to compare the diagnostic value of each miRNA. The Pearson correlation coefficient was utilized to measure the degree of correlation between 2 continuous variables. The maximum Youden index, that is, sensitivity + specificity − 1, was taken as the best cut-off point. Binary logistic regression was used to create the prediction model for combining the diagnostic effects of multiple miRNAs together. The *P* value[@bib0034] was calculated for each statistical analysis to indicate whether the null hypothesis can be refuted.[@bib0033]

Results {#sec0008}
=======

Characteristics of the Subjects {#sec0009}
-------------------------------

Serum samples from 23 normal subjects and 74 NSCLC patients were used in this study. The demographics and clinical characteristics of the patients with NSCLC are listed in Table S1. There was no significant difference in the sex or age distributions between the normal subjects and patients with NSCLC in different stages.

MiR-17 {#sec0010}
------

Compared with that of normal subjects, the level of miR-17 in NSCLC patients showed no significant change in stage I. In stage II and III patients, it showed significant downregulation, and in stage IV patients, it was markedly upregulated ([Figure 2](#fig0002){ref-type="fig"} A). From this phenomenon, the ROC curve of normal subjects and stage I-III patients and the ROC curve of normal subjects and stage IV patients could be plotted. Then, the interval of normal human ΔCt values could be determined.FIGURE 2Expression level and ROC curve of miR-17 in the sera of NSCLC patients. (A) Expression level of miR-17 in the sera of NSCLC patients; (B) ROC curve of miR-17 in stage I-III patients; (C) ROC curve of miR-17 in stage IV patients. Abbreviations: NSCLC, non-small-cell lung cancer; ROC, receiver operating characteristic.FIGURE 2

The ROC curve for normal subjects and stage I-III patients determines the upper limit of the ΔCt value, and the ROC curve for normal subjects and stage IV patients determines the lower limit of the ΔCt value.

The results showed that in the ROC curve of normal subjects and stage I-III patients, the AUC was 0.8097, and the best cut-off point was 3.085. The sensitivity and specificity of this value were 0.8250 and 0.6818, respectively ([Figure 2](#fig0002){ref-type="fig"}B). In the ROC curve of normal subjects and stage IV patients, the AUC was 1.0000, and the best cut-off point was -0.1317. The sensitivity and specificity of this value were 1.0000 ([Figure 2](#fig0002){ref-type="fig"}C).

Therefore, the ΔCt value interval of a normal person can be set to \[-0.1317, 3.085\]. If the test result is less than -0.1317, it is suggested to be stage IV NSCLC; if the result is greater than 3.085, it is suggested to be stage I-III NSCLC.

MiR-18a {#sec0011}
-------

The expression level of miR-18a in NSCLC patients showed no significant change in stages I and III. In stage II patients, it showed significant downregulation, and in stage IV patients, it showed marked upregulation ([Figure 3](#fig0003){ref-type="fig"} A). Although there was no significant change in stage I and III, patients with low expression still accounted for a considerable proportion. Therefore, the ROC curve of normal subjects and stage I-III patients and the ROC curve of normal subjects and stage IV patients could be plotted. Then, the interval of normal human ΔCt values could be determined.FIGURE 3Expression level and ROC curve of miR-18a in the sera of NSCLC patients. (A) Expression level of miR-18a in the sera of NSCLC patients; (B) ROC curve of miR-18a in stage I-III patients; (C) ROC curve of miR-18a in stage IV patients. Abbreviations: NSCLC, non-small-cell lung cancer; ROC, receiver operating characteristic.FIGURE 3

The results showed that in the ROC curve of normal subjects and stage I-III patients, the AUC was 0.7388, and the best cut-off point was 4.788. The sensitivity and specificity of this value were 0.8000 and 0.4737, respectively ([Figure 3](#fig0003){ref-type="fig"}B). In the ROC curve of normal subjects and stage IV patients, the AUC was 0.9907, and the best cut-off point was 2.620. The sensitivity and specificity of this value were 1.0000 and 0.8947, respectively ([Figure 3](#fig0003){ref-type="fig"}C).

In that case, the ΔCt value interval of a normal person can be set to \[2.620, 4.788\]. If the test result is less than 2.620, it is suggested to be stage IV NSCLC; if the result is greater than 4.788, it is suggested to be stage I-III NSCLC.

MiR-19a/19b {#sec0012}
-----------

The expression level of miR-19a/19b in NSCLC patients showed no significant change in stages I and IV. In stage II and III patients, it was significantly downregulated ([Figure 4](#fig0004){ref-type="fig"} A). The ROC curve of normal subjects and stage I-III patients and the ROC curve of normal subjects and stage IV patients were plotted.FIGURE 4Expression level and ROC curve of miR-19a/19b in the sera of NSCLC patients. (A) Expression level of miR-19a/19b in the sera of NSCLC patients; (B) ROC curve of miR-19a/19b in stage I-III patients; (C) ROC curve of miR-19a/19b in stage IV patients. Abbreviations: NSCLC, non-small-cell lung cancer; ROC, receiver operating characteristic.FIGURE 4

The results showed that in the ROC curve of normal subjects and stage I-III patients, the AUC was 0.8451, and the best cut-off point was 4.270. The sensitivity and specificity of this value were 0.7885 and 0.5556, respectively ([Figure 4](#fig0004){ref-type="fig"}B). In the ROC curve of normal subjects and stage IV patients, the AUC was only 0.5104, showing that there was almost no effect in the diagnosis of stage IV NSCLC patients using miR-19a/19b ([Figure 4](#fig0004){ref-type="fig"}C).

Nevertheless, miR-19a/19b can be used as a diagnostic marker for stage I-III NSCLC. If the test result is greater than 4.27, it is suggested to be stage I-III NSCLC. Test takers should perform further examinations to confirm or rule out such possibilities.

MiR-20a {#sec0013}
-------

The level of miR-20a in NSCLC patients was significantly downregulated in stage I, II, and III patients. In stage IV patients, it was markedly upregulated ([Figure 5](#fig0005){ref-type="fig"} A). Similar to the previous method, the ROC curve of normal subjects and stage I-III patients and the ROC curve of normal subjects and stage IV patients could be plotted. Then, the interval of normal human ΔCt values could be determined.FIGURE 5Expression level and ROC curve of miR-20a in the sera of NSCLC patients. (A) Expression level of miR-20a in the sera of NSCLC patients; (B) ROC curve of miR-20a in stage I-III patients; (C) ROC curve of miR-20a in stage IV patients. Abbreviations: NSCLC, non-small-cell lung cancer; ROC, receiver operating characteristic.FIGURE 5

The results showed that in the ROC curve of normal subjects and stage I-III patients, the AUC was 0.8975, and the best cut-off point was 3.425. The sensitivity and specificity of this value were 0.9020 and 0.7273, respectively ([Figure 5](#fig0005){ref-type="fig"}B). In the ROC curve of normal subjects and stage IV patients, the AUC was 1.0000, and the best cut-off point was 0.01167. The sensitivity and specificity of this value were 1.0000 ([Figure 5](#fig0005){ref-type="fig"}C).

Therefore, the ΔCt value interval of a normal person can be set to \[0.01167, 3.425\], and if the test result is less than 0.01167, it is suggested to be stage IV NSCLC; if the result is greater than 3.425, it is suggested to be stage I-III NSCLC.

MiR-92a-1 {#sec0014}
---------

The expression level of miR-92a-1 in NSCLC patients showed no significant change in stage I. In stage II and III patients, it showed significant downregulation, and in stage IV patients, it showed marked upregulation ([Figure 6](#fig0006){ref-type="fig"} A). The ROC curve of normal subjects and stage I-III patients and the ROC curve of normal subjects and stage IV patients could be plotted. Then, the interval of normal human ΔCt values could be determined.FIGURE 6Expression level and ROC curve of miR-92a-1 in the sera of NSCLC patients. (A) Expression level of miR-92a-1 in the sera of NSCLC patients; (B) ROC curve of miR-92a-1 in stage I-III patients; (C) ROC curve of miR-92a-1 in stage IV patients. Abbreviations: NSCLC, non-small-cell lung cancer; ROC, receiver operating characteristic.FIGURE 6

The results showed that in the ROC curve of normal subjects and stage I-III patients, the AUC was 0.8097, and the best cut-off point was 6.852. The sensitivity and specificity of this value were 0.8302 and 0.5909, respectively ([Figure 6](#fig0006){ref-type="fig"}B). In the ROC curve of normal subjects and stage IV patients, the AUC was 0.8342, and the best cut-off point was 5.342. The sensitivity and specificity of this value were 0.7647 and 0.6364, respectively ([Figure 6](#fig0006){ref-type="fig"}C).

Therefore, the ΔCt value interval of a normal person can be set to \[5.342, 6.852\], and if the test result is less than 5.342, it is suggested to be stage IV NSCLC; if the result is greater than 6.852, it is suggested to be stage I-III NSCLC.

Sensitivity Statistics of Commonly Used Diagnostic Markers in NSCLC {#sec0015}
-------------------------------------------------------------------

The following diagnostic markers are used in the clinic: carbohydrate antigen 125 (Ca125), carcinoembryonic antigen (CEA), cytokeratin-19 fragment (CYFRA21-1), neuron-specific enolase (NSE), and squamous cell cancer antigen (SCCAG).[@bib0035]

This study collected data on these commonly used diagnostic markers from 74 patients with NSCLC ([Table 2](#tbl0002){ref-type="table"} ). The expression level of the miR-17-92 cluster in the sera of these patients was previously examined.TABLE 2Sensitivity statistics of commonly used diagnostic markers in NSCLC.TABLE 2Stage IStage IIPositiveTotalSensitivityPositiveTotalSensitivityCa12511280.39292160.1250CEA1280.03571160.0625CYFRA21-11280.03572160.1250NSE7280.25003160.1875SCCAG3280.10712160.1250Stage IIIStage IVPositiveTotalSensitivityPositiveTotalSensitivityCa1256140.42862160.1250CEA4140.28577160.4375CYFRA21-12140.14292160.1250NSE0140.00001160.0625SCCAG5140.35713160.1875[^1]

[Table 3](#tbl0003){ref-type="table"} was calculated from [Table 2](#tbl0002){ref-type="table"}, and the overall diagnostic effects of the 6 miRNAs are shown in [Table 4](#tbl0004){ref-type="table"} . It is apparent that both the sensitivity and specificity of the miRNAs were better than those of the current biomarkers used in the clinic.TABLE 3Sensitivity statistics of commonly used diagnostic markers in NSCLC (Stages I-III are combined).TABLE 3Stage I-IIIStage IVPositiveTotalSensitivityPositiveTotalSensitivityCa12519580.32762160.1250CEA6580.10357160.4375CYFRA21-15580.08622160.1250NSE10580.17241160.0625SCCAG10580.17243160.1875[^2]TABLE 4The overall diagnostic effects of the 6 miRNAs.TABLE 4Stage I-IIIStage IVInterval of normal value (ΔCt)AUCSensitivitySpecificityAUCSensitivitySpecificitymiR-170.80970.82500.68181.0001.0001.000\[−0.1317, 3.085\]miR-18a0.73880.80000.47370.99071.00000.8947\[2.620, 4.788\]miR-19a/19b0.84510.78850.55560.51040.75000.4444≧4.27miR-20a0.89750.90200.72731.00001.0001.000\[0.01167, 3.425\]miR-92a-10.80970.83020.59090.83420.76470.6364\[5.342, 6.852\]

A High Positive Correlation Between miR-17 and miR-20a {#sec0016}
------------------------------------------------------

Based on the results above, we further analyzed whether there is a synchronization between miRNAs in the miR-17-92 cluster. The qRT-PCR data of patients in each stage were assessed, and the expression of miR-17 and miR-20a showed the same increasing and decreasing trends. Therefore, a correlation analysis between miR-17 and miR-20a was performed.

The correlation analysis showed that in patients with stage I and II disease, the Pearson correlation coefficient (r) was 0.9080 ([Figure 7](#fig0007){ref-type="fig"} A). In patients with stage III and stage IV disease, this value was 0.9924 ([Figure 7](#fig0007){ref-type="fig"}B). These results show that miR-17 is highly positively correlated with miR-20a expression. Therefore, it will be clinically more accurate to use miR-17 in combination with miR-20a for diagnosis.FIGURE 7Positive correlation between miR-17 and miR-20a in the sera of patients with stage I/II and III/IV NSCLC. (A) Positive correlation between miR-17 and miR-20a in the sera of stage I/II NSCLC patients; (B) Positive correlation between miR-17 and miR-20a in the sera of stage III/IV NSCLC patients. Abbreviations: NSCLC, non-small-cell lung cancer; ROC, receiver operating characteristic.FIGURE 7

MiR-17 and miR-20 as a 2-miRNA Panel for Stage I-III NSCLC Diagnosis {#sec0017}
--------------------------------------------------------------------

Since there is a high positive correlation between miR-17 and miR-20a, we then investigated whether these 2 miRNAs can be combined to improve the screening effect of stage I-III NSCLC. A prediction model was established by using binary logistic regression. This model combined miR-17 and miR-20a as a 2-miRNA panel, with the algorithm, ln(p/1-p) = −1.616 − 1.359 × miR-17 + 1.294 × miR-20a. According to the ROC curve plotted with this model, the AUC value reached 0.9479, which was higher than that of either of the 2 individual miRNAs ([Figure 8](#fig0008){ref-type="fig"} ). The best cut-off point was 0.6044. The sensitivity and specificity at this cut-off point were 0.9756 and 0.9090, respectively. These results indicated that this 2-miRNA panel is a stable marker for the diagnosis of NSCLC patients.FIGURE 8ROC Curve of the 2-miRNA panel in stage I-III patients. Abbreviation: ROC, receiver operating characteristic.FIGURE 8

The MiR-17-92 Cluster has High Expression Levels in NSCLC Cell Lines {#sec0018}
--------------------------------------------------------------------

For further research, qRT-PCR was utilized to detect the expression level of the miRNAs in normal cell lines and NSCLC cell lines.[@bib0025]

In this study, human bronchial epithelial cells (BEAS-2B) were used as a control. The NSCLC cell lines used in this study were A549, H1299, HCC827, PC-9 and 95-D. The results indicated that the miRNAs of the miR-17-92 gene cluster in the NSCLC cell lines showed significantly higher expression compared to that in BEAS-2B ([Figure 9](#fig0009){ref-type="fig"} ).FIGURE 9Expression of the miR-17-92 gene cluster in NSCLC cell lines. (A-E) Expression levels of miR-17 (A), miR-18a (B), miR-19a/19b (C), miR-20a (D) and miR-92a-1 (E) in NSCLC cell lines. Abbreviations: NSCLC, non-small-cell lung cancer.FIGURE 9

Discussion {#sec0019}
==========

As mentioned in the introduction, NSCLC, the dominant type of lung cancer, seriously threatens human health.[@bib0033] The 5-year survival rate of early-stage NSCLC is more than 90%, while this value is only 15% in late-stage NSCLC.[@bib0036] Nevertheless, the detection rate of early-stage NSCLC is low, partly because early-stage NSCLC has almost no or slight symptoms. Patients tend to ignore these symptoms and thus miss the best opportunity to receive treatment.

Another reason is the lack of means to conduct an early diagnosis of lung cancer. Low-dose spiral computed tomography has been reported to effectively screen early-stage NSCLC.[@bib0037] However, this method has disadvantages, such as potentially harmful radiation and high costs.[@bib0038] Therefore, a relatively low cost and harmless method should be discovered to provide screening for early-stage NSCLC in a wide range of populations.

Circulating miRNAs in serum may be a promising marker for early diagnostics in NSCLC. It has several advantages. First, serum can be obtained in an easier way. Second, its costs are more affordable. Last, circulating miRNAs show characteristics such as tissue specificity, high conservation and changes with time.

Various studies have revealed that some circulating miRNAs have the potential to be used as diagnostic markers. Huang et al suggested that 6 serum-based miRNAs have the potential to be diagnostic markers for gastric cancer.[@bib0039] Wang et al found that 5 miRNAs, including miR-205a-5p, miR-145-5p, miR-10a-5p, miR-346 and miR-328-3p, were more highly expressed in ovarian cancer and thus can be used as diagnostic markers.[@bib0040] Yang et al reported that a 4-miRNA panel is effective in diagnosing NSCLC.[@bib0018] These studies all confirmed that circulating miRNAs could be diagnostic markers.

However, miRNAs in serum have to be processed via multiple procedures to perform a qRT-PCR test, which will take a relatively long time if conducted manually. This problem also exists in the diagnosis of people who are suspected to have COVID-19, a disease caused by the novel coronavirus SARS-CoV-2, in China. Since qRT-PCR is the only way to make a definite diagnosis, a large number of people are waiting to be tested. However, the testing itself takes time, and patients' symptoms sometimes worsen in the waiting period, resulting in the death of some patients. Under such circumstances, some hospitals have introduced an automatic nucleic acid purification and fluorescent PCR analysis system, which was developed by Xiamen Amplly Bioengineering Co., Ltd. With proper kits, this machine can execute the procedure from sample preparation to genetic testing automatically, which improves the testing efficiency greatly and reduces human errors.

When labs are equipped with more similar instruments, qRT-PCR tests can become routine tests like complete blood counts. In addition, with the large-scale application of this method, the unit price of a single test can be affordable.

For the 6 individual miRNAs in the miR-17-92 gene cluster, the effects as diagnostic markers for NSCLC are ranked in the following order: miR-20a, miR-17, miR-18a, miR-92a-1 and miR-19a/19b. In addition, miR-17 and miR-20a had relatively higher concentrations in serum, and the number of cycles in qRT-PCR was less than those of the other miRNAs. Therefore, as a diagnostic marker, it can be more accurately quantified and reduce experimental errors. Moreover, based on the high positive correlation between miR-17 and miR-20a expression, these 2 miRNAs can be used together as a panel to improve the accuracy of the diagnostic process.

Past studies have revealed that the regulatory mechanism of the miR-17-92 gene cluster in cancers is complicated, sometimes even contradictory. For example, Zhu et al confirmed that miR-17 is overexpressed in pancreatic cancer,[@bib0041] while Lin et al asserted that it is downregulated in NSCLC.[@bib0042] In our study, we confirmed that even in the same type of cancer, the expression levels can also be distinct in tumor progression. The data obtained indicated a trend that the expression level of this gene cluster first decreased in stage I-III. The lowest expression level appeared in stage II (miR-17, miR-18a, miR-19a/19b, and miR-20a) and stage III (miR-92a-1). Then, in stage IV, the expression levels of all 6 miRNAs rose to varying degrees. Among them, miR-17 and miR-20a increased sharply. We speculate that in stage I-III, the expression of the 6 miRNAs is inhibited to different degrees. In stage IV, such inhibitions are relieved. The unusually high expression of this gene cluster in stage IV may also indicate that this gene cluster is associated with tumor metastasis, since stage IV patients often have distant metastasis. However, this hypothesis requires further research.

Other studies related to diagnostic markers usually set one cut-off point for each miRNA, while our study set the interval of normal humans, which had 2 cut-off points. This is because we discovered that the miR-17-92 gene cluster was often downregulated in stage I-III NSCLC and markedly upregulated in stage IV NSCLC. The expression pattern of this gene cluster enabled us to distinguish patients from different stages of NSCLC, which was a unique superiority compared to other miRNAs.

Studies concerning diagnostic markers usually include 2 phases, the training phase and validation phase. Because of the lack of serum samples, the validation phase has yet to be carried out. More serum samples need to be collected and further investigated.

Conclusions {#sec0020}
===========

MiR-17 and miR-20a in the miR-17-92 cluster may be promising markers for screening NSCLC. Moreover, the combination of these 2 miRNAs has a better effect than using them individually. Further studies with more clinical samples and more sensitive methods are needed to expand the quantity of samples to further confirm these results. Afterward, the results will be able to be used as diagnostic markers in the future.
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